Impaired chloride homeostasis in epilepsy: Molecular basis, impact on treatment, and current treatment approaches.
Epilepsies represent one of the most common neurological diseases worldwide. They are characterized by recurrent spontaneous seizures with severe impact on a patient's life. An imbalance in excitatory and inhibitory signalling is considered the main underlying pathophysiological mechanism. Therefore, GABA-mimetic drugs, strengthening the main inhibitory signalling system in the CNS, are frequently used as antiepileptic or anticonvulsant drugs. However, the therapeutic effect of such treatment depends on the chloride gradient along the plasma membrane. Impairment of chloride homeostasis, caused by alterations in the functional balance of chloride transporters, was implicated in the pathophysiology of epilepsy and numerous other diseases. Breakdown or even inversion of the chloride gradient may result in ineffective or in worst cases proconvulsant effects of GABA-mimetics. Unfortunately, such situations are reported in considerable number. Consequently, bumetanide, an inhibitor of Na-K-Cl cotransporters gained interest as potential add-on therapy re-establishing the chloride gradient and thereby the hyperpolarizing effects of GABA-mimetic drugs. Indeed, preclinical studies yielded encouraging results, especially when applied in combination with GABA-mimetics in epilepsy models. However, bumetanide induces a strong diuretic effect and displays poor penetration across the blood-brain barrier, two adverse features for chronic antiepileptic treatment. Therefore, new compounds overcoming these limitations are under development. This review focuses on alterations in chloride homeostasis and its underlying molecular mechanisms in epilepsy, on the potential impact of impaired chloride homeostasis on the treatment of epilepsy and on concepts to overcome this problem including recent development of bumetanide derivatives with improved pharmacological profile.